Background: The success of peritoneal dialysis (PD) in elderly patients has been reported to be either slightly inferior or equivalent to that of younger patients. The purpose of this study was to evaluate the outcome and suitability of PD in older individuals. Methods: Between January 2005 and December 2007, 67 patients with end-stage renal disease who underwent a surgical PD catheter insertion procedure were enrolled in this study. Complications related to PD catheters, hospital stay, morbidity, mortality, and catheter survival were assessed. Analysis of catheter survival was performed using the Kaplan-Meier method. Results: Fifteen elderly patients (65 years and older) undergoing PD catheter placement had similar complication rates (p = 0.568) and catheter survival (log rank test, p = 0.805) to those of the younger group. The postoperative stay was longer in elderly patients (24 vs. 18 days; p = 0.049). Conclusion: Our results indicate that PD is a feasible and safe option for elderly patients with end-stage renal disease.
Introduction
Age is a key predictor of chronic kidney disease 1 , and chronic kidney disease is predominantly a disease of older people 2, 3 . In a systematic review, the prevalence of chronic kidney disease in persons aged 64 years or older varied from 23.4% to 35.8% 4 . Advanced renal failure with no reversible cause necessitates renal replacement therapy or renal transplantation. Currently, there is no consensus concerning the optimal mode of renal replacement therapy in elderly patients with end-stage renal disease (ESRD).
Peritoneal dialysis (PD) is often underemployed in older patients, because there is a perception that they may not be able to perform their own dialysis, and social isolation may occur with PD as opposed to hemodialysis 3 . In elderly patients, there is an increased dependence on a partner to perform PD 5 . However, when provided with adequate assistance, PD can be a safe and suitable treatment modality for ESRD even in very old patients 6 . Importantly, older people are more likely to suffer hypotension and silent ischemia during hemodialysis 7 . PD is free of vascular access and provides more stable hemodynamics than hemodialysis 8 . Epidemiologic studies comparing mortality among ESRD patients receiving hemodialysis versus PD have shown conflicting results 9 . It has been reported that survival of the elderly is better on PD than on hemodialysis 10, 11 . In contrast, some studies found that neither hemodialysis nor PD is a superior modality for older patients 12, 13 , while others have demonstrated that longterm use of PD among elderly patients is associated with increased mortality rates 9, 14 . In Taiwan, regardless of diabetes status, patients older than 55 years on hemodialysis experienced better survival than did those on PD 15 , although this observation was not confirmed by others 16 . In this respect, it would be interesting to investigate the surgical outcome of PD in older patients. The aim of this study was to analyze the postoperative course of two different age cohorts undergoing PD catheter placement to evaluate differences in complications and technique survival rates.
Materials and Methods
A retrospective review of our patient cohort between January 1, 2005 and December 31, 2007 was performed. During the period, 110 adult patients with ESRD (stage 5 chronic kidney disease) underwent PD catheter placement at our institution. Of these, 43 patients were excluded from the study because of incomplete follow-up. Patients were stratified into two groups according to age. Group A included patients younger than 65 years, whereas Group B included patients 65 years of age or older.
Surgical insertion of a straight two-cuff Tenckhoff catheter was performed by dedicated dialysis access surgeons in an inpatient setting. All procedures were performed under general anesthesia. Briefly, a 4-to 5-cm paramedian incision was made and carried through the subcutaneous tissue, fascia, and muscle layers. The peritoneum was entered, and partial omentectomy was performed in selected patients depending on the surgeons' preference. The catheter tip was fixed in the true pelvis by a silk suture. The distal cuff was placed between the posterior rectus sheath and rectus fibers. The proximal cuff was placed in the subcutaneous tissue about 2.5 cm distal to the exit site. The wound was then closed layer by layer. An abdominal X-ray film was taken routinely to confirm the position of the catheter. There were no significant intraoperative complications and no deaths directly attributable to catheter insertion. Postoperatively, Tenckhoff catheter care was undertaken by trained PD registered nurses according to standard protocols.
New hospitalizations for catheter-related issues were documented during follow-up. All infections related to PD, including exit site infections, tunnel infections and peritonitis, were documented. Peritonitis was diagnosed by cloudy dialysis effluent with a positive Gram stain result or culture from the dialysate. Leakage was defined as any form of leakage located at the exit site or incision. Bleeding was characterized by grossly bloody effluent during dialysis. Malfunction indicated poor dialysis performance excluding all signs of mechanical problems such as blockage, kinking, or displacement of the catheter. Catheter displacement was defined by migration out of the pelvic cavity documented by radiographic findings.
Analysis was performed with the SPSS version 11.5 (SPSS, Chicago, IL, USA). Comparisons between groups were performed using Fisher's exact test or the Student's t test as appropriate. Kaplan-Meier survival curves were used to evaluate catheter survival. Patients were followed up until the event of interest occurred, and were censored at the time of transplantation, death or last known follow-up. Plus-minus values were means ± standard deviation. A p value less than 0.05 was considered statistically significant.
Results
A total of 52 patients aged < 65 years (Group A) and 15 patients aged ≥ 65 years (Group B) who underwent PD catheter insertion were included in the study. Patient demographics and baseline characteristics are shown in Table 1 . There were 28 men (42%) and 39 women (58%), with a mean age of 53 years (range, 22-87 years). There was no statistically significant difference in the causes of renal failure or comorbidities between the two groups. The mean body mass index (BMI) was 23.2 kg/m 2 . Five obese patients (7%) had a BMI greater than 30 kg/m 2 . Most patients (76%) were undergoing transient hemodialysis before PD to relieve uremic symptoms and/or complications. Forty patients had double-lumen, silicone rubber catheters for hemodialysis. Hickman catheters were used in seven patients and arteriovenous hemodialysis fistulas in four patients.
Concomitant omentectomy was performed in 14 patients (21% of total). Two patients underwent ventral hernia repair during the catheter placement. There was no postoperative complication necessitating immediate re-operation. Lengths of hospitalization after catheter placement were 18 ± 10 days in Group A and 24 ± 10 days in Group B (p = 0.049). The difference was marginally statistically significant.
During follow-up, 27 patients (40%) developed one or more episodes of predetermined complications ( Table 2 ). The complication rates were comparable between the two groups. The most common complication was peritonitis, which occurred in 16 patients (24%). Among these, nine patients (56%) had catheters removed and were switched to hemodialysis. Causative peritonitis pathogens included Escherichia coli (n = 2), Enterobacter (n = 1), methicillin-resistant Staphylococcus (n = 1), Acinetobacter baumannii (n=1), and Mycobacterium tuberculosis (n=1). Four patients developed incisional hernia during the observation period. An additional two patients had subsequent inguinal hernia which was not detected preoperatively. One patient had failed umbilical hernia repair done at the same time as the catheter placement.
Overall, 13 patients (19%) experienced catheter loss and were transferred to hemodialysis a mean of 12 months after catheter placement. Causes of technique failure in our cohort included peritonitis (n = 9), malfunction (dialysis inadequacy, n = 1), kinking (n = 1), pleuroperitoneal fistula (n = 1) and cecal tumor rupture (n = 1). Mechanical complications were relatively infrequent during our review periods. There was no significant difference in catheter survival between the two groups (log-rank test, p = 0.805; Figure) .
There were seven deaths during follow-up. Four patients died of unrelated causes with functioning catheters. One patient succumbed to rupture of a cecal tumor, which was not detected during PD catheter placement. One patient died of disseminated tuberculosis and one patient had fatal peritonitis at postoperative months 12 and 26, respectively.
Discussion
This study demonstrated that postoperative complications and catheter survival were not different between for elderly patients, especially for those with severe cardiovascular disease and difficult vascular access. Although the use of PD has increased dramatically over the past years after recognition of the benefits, the demonstration that PD can provide long-term dialysis is limited to a small number of patients 22 . Only 0.4-4.8% of the patients continue on PD beyond 8 years 23 . The high dropout rate in PD is one of the reasons for the low utilization of PD and is a limiting factor in establishing long-term PD 24 . Patient survival is one of the factors determining dropout. As aforementioned, results of the studies comparing mortality among patients on hemodialysis versus PD are quite variable. It is difficult to compare studies, because they differ in patient characteristics, in dialysis methods, and in experience of healthcare personnel. Technique survival is, therefore, a surrogate end point to evaluate surgical outcome. In our study, catheter survival was similar between younger and older persons. This is in keeping with the experience of others 16, [25] [26] [27] . Peritonitis and exit site infection are the most common complications of PD and are also the leading cause of technique failure 2, 23 . Older patients may suffer from comorbid conditions associated with normal aging such as impaired vision and decreased physical and mental activity, poor mobility, and cognitive problems, which may impair self performance of the dialysis procedure and may cause infection to the catheter because of poor handling and contamination 2 . In our study, the peritonitis rate was slightly higher in the elderly group than in the younger group without significant difference (27% vs. 23%; p = 0.743). Some authors found a higher peritonitis rate in elderly patients 5 , but most studies showed a similar peritonitis rate [26] [27] [28] . Surprisingly, exit site and tunnel infections have been found to be less common in older patients 26 , probably because older patients are less active than younger counterparts 2 . Patients receiving PD have increased intraperitoneal pressure owing to the presence of fill volume in the peritoneal cavity. Hernia is another common complication of PD. The reported prevalence of hernia in PD patients is approximately 11-12% in most series [29] [30] [31] . Umbilical hernia is the most frequent type of hernia encountered 29, 32 . The incidence of hernia seems unrelated to exchange volumes 30, 31 . Low body weight is one of the risk factors 29 , suggesting that malnutrition, frequently seen in old patients 2, 6 , may play a role in the pathophysiology of hernia development. Notably, GarciaUrena et al. 32 showed that most hernias in PD patients elderly patients and younger counterparts. However, older patients may require a longer postoperative hospital stay to acquire familiarity with optimal catheter care. The prevalence of chronic kidney disease among the elderly is high. For those without hypertension and diabetes, stages 3 to 5 chronic kidney disease is infrequent in young adults (prevalence of 0.2% in the age group 20 to 39 years) but relatively common among older individuals (prevalence of 16% in the age group ≥ 70 years) 1 . Aging changes in the kidney include decreased number of glomeruli, decreased number and size of tubules, and in most individuals, a progressive decrease in glomerular filtration rate 3, 17, 18 . For elderly patients with ESRD, the likelihood of receiving kidney transplantation is significantly lower than for younger adults 19 .
In these patients, renal replacement therapy becomes necessary to maintain homeostasis. PD is an effective modality of renal replacement therapy for elderly patients 2, 8 . In Taiwan, the percentage of ESRD patients on PD is approximately 7% 16 . It has been suggested that lack of confidence and/or understanding of the PD modality by patients and clinicians is the probable cause of the low prevalence rate of PD in Taiwan. According to the North Thames Dialysis Study, clinical outcomes and quality of life are similar in elderly people on PD and on hemodialysis 20 . Compared with hemodialysis, PD is associated with more stable hemodynamics, less risk of hypotension, no necessity for vascular access, less expense, ease of travel, avoidance of the need for transport, and maintenance of residual renal function 8, 21 . Theoretically, PD offers some advantages occurred before starting dialysis. The low incidence of hernia development in our study is probably the result of a relatively short follow-up and the possibility that some asymptomatic hernias may have been missed. It is worth pointing out that the paramedian technique we adopt to insert PD catheters may reduce hernia occurrence 33 .
The length of stay is a useful tool to detect immediate postoperative complications 34, 35 . Postoperatively, elderly patients are prone to hypothermia, fluid and electrolyte imbalance, and postoperative delirium; therefore, recovery from a surgical procedure may be longer in the elderly 36 . In this study, the duration of hospitalization after catheter placement was longer in older patients, with no increase in complication rates. Previous studies showed that cardiovascular impairment, as expected, was more frequent in older than in younger patients 7 . Differences in hospital stays can be attributed to hospitalization for vascular disease 28 . An alternative explanation is that it may take a longer time to complete training and continuing education for a successful PD program in elderly patients.
In conclusion, we confirm previous observations that PD is an appropriate treatment modality for elderly ESRD patients. There is no difference in PD-related complications and technical failure rate between geriatric and young patients.
